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Abstract. Carotenoids are natural pigments. produced by higher plants. some bacteria and algae with 
important antioxidant properties. Carotenoid xanthophylls are found in higher plants in esterified form. The fatty 
acids which esterified the carotenoids are mainly saturated fatty acids. but in some plants unsaturated fatty acids 
can also be present in low amounts [Breithaupt and Bamedi. 2001].The highest carotenol esters content is 
usually associated with senescence and fruit ripening [Britton. 1995; Minguez-Mosquera et al.. 1994]. Lipase 
from Candida rugosa is a universal lipolytic biocatalyst and cleaves carotenoid esters with high yields [Liu et al.. 
1998; Breithaupt. 2000]. In this study we separate de carotenoid esters from three plants: Physalis alkekengi L.. 
Tagetes erecta and Seabuckthorne berries; we used lipases from Candida rugosa and from porcine pancreas and 
we compared the yield of hydrolysis of β-cryptoxanthin esters separated from Physalis alkekengi L. sepals. 
HPLC-PDA was used for separation and quantification of carotenoid esters and for monitoring the ester 
hydrolysis.  
It can be observed that in the case of enzymatic hydrolysis of β-cryptoxanthin esters. porcine lipases has 
lowest efficiency than lipases from Candida rugosa. The yield of enzymatic hydrolysis with porcine lipases is 
not very different after 24 hours (81 % respectively 71 %).   
 
INTRODUCTION 
  
Carotenoids are natural pigments. providing orange. yellow. red and purple colors 
throughout the natural word. These pigments are produced by all higher plants. along with 
some bacteria and algae [Britton et all. 1995]. They are derived from terpenoid family and are 
biosynthetically related to other secondary metabolites such as tocopherols and ubiquinones. 
Carotenoids possess a range of important biological activity. They are potent 
antioxidants and free radical scavengers [Grassmann et al.. 2002] and can modulate the 
pathogenesis of cancers [van Poppel and Goldbohm. 1995] and coronary heart disease 
[Kritchevsky. 1999]. High levels of ß-carotene are correlated with a reduction in the risk of 
developing lung cancer [Block et al.. 1992] and a number of carotenoids including α-carotene. 
ß-carotene and ß-cryptoxanthin have provitamin A activity. since they are converted to retinal 
by mammals. 
The highest concentration of carotenoids is found in the liver. but carotenoids are also 
deposited in adipose tissue. colon. pancreas. prostate. macula lutea. and skin [Schmitz et al.. 
1991; Alaluf et al.. 2002]. 
Little information is given in the literature about the metabolism of xanthophylls 
esters. It has been suggested that ester hydrolysis by lipases is indispensable prior to 
absorption (Bowen et al.. 1993; Furr and Clark. 1997; Wingerath et al.. 1998). and that the 
required enzymes are generated by the pancreas and secreted into the gut. 
Lipases (triacylglycerol acylhydrolases. EC 3.1.1.3). widely distributed in animals. 
plants. and prokaryotes. preferentially hydrolyze glycerol esters of long chain fatty acids. 
Thus. triacylglycerol and other lipophilic dietary fat components are their natural substrates. 
Pancreatic lipase is the best known and most investigated of all lipolytic enzymes. 
Lipase from Candida rugosa (formerly C. cylindracea) is an almost universal lipolytic 
biocatalyst. Benjamin and Pandey (1998) discussed its numerous versatile catalytic reactions. 
Since C. rugosa lipase is known to cleave carotenoid esters with high yields (Liu et al.. 1998; 
Breithaupt. 2000) we used this yeast lipase for the hydolysis reaction of carotenoid esters. 
 
MATERIAL AND METHOD 
 
 HPLC analyses were carried out with a Waters 990 system with PDA 
detector. Kontron pumps. The column used was a reversed phase C 18 column 
Lichrosorb (250 x 4.6 mm). 5 µm. The mobile phase consisted of mixtures of acetonitrile: 
water (9:1. v/v) with 0.25 % triethylamine (A) and ethyl acetate with 0.25 % triethylamine 
(B). The gradient started with 0 % B to 60% B at 16 min and continued isocratically up to 20 
minutes. Triethylamine was added to improve carotenoid recovery from the column as 
recommended by Hart and Scott (1995). The flow rate was 1 ml/min. All chromatograms 
were monitored at 450 nm.  
The calibration curves for pure lutein. zeaxanthin and ß-cryptoxantin were prepared 
using five different concentrations (0-200 µg/ml). for each carotenoid. by plotting the DAD-
peak area versus concentration. The linear regression factor of the calibration curves was 
higher than 0.977 in all cases. 
Total carotenoids were extracted from 15 g of Physalis alkekengi L. sepals and from 
15 g of Tagetes erecta flowers using a mixture of methanol/ethyl acetate/petroleum ether 
(1:1:1. v/v/v) for 4 hours. After the filtration of the extract. the residue was re-extracted two 
times with the same mixture of solvents. The joined extracts were partitioned in a separating 
funnel. successively with water. diethyl ether (EE) and saturated NaCl solution. The EE phase 
was evaporated to dryness under vacuum. using a rotary evaporator at 35 °C. 
 The evaporated residue (oleoresin) was dissolved in 15 ml of petroleum ether and the 
carotenoids content was estimated spectrophotometrically. at 450 nm. 
 
 
RESULTS AND DISCUSIONS 
  
A part of oleoresin obtained after the carotenoid extraction from Physalis alkekengi L. 
sepals. dissolved in petroleum ether was subjected to column chromatography on stationary 
phase aluminium oxide.  For removing of neutral lipid the column was washed twice with 
petroleum ether. The carotenoids esters were eluted with 2% and 5% diethyl eater in 
petroleum ether. Two different fractions for zeaxanthin esters and β-criptoxanthin esters were 
obtained. Both fractions obtained from column chromatography were further analyzed by 
HPLC chromatography.   
In figure 1 is presented the chromatogram corresponding to the unsaponified sample 
of Physalis alkekengi L. sepals. 
 
 
  
Fig. 1.  HPLC chromatogram of unsaponified carotenoid extract from  sepals of Physalis alkekengi L. 
Carotenoids identification: 3 – lutein. 4 - zeaxanthin. 5 - ß-cryptoxanthin. 8 - β-carotene. 5e - ß-  cryptoxanthin 
esters. 4e - zeaxanthin esters 
 
 
 The carotenoids found in the sepals of Physalis alkekengi L. are represented (mainly) 
by - ß- cryptoxanthin esters and zeaxanthin esters. The esters are synthetized during 
maturation of the sepals and they rich the highest concentration in the orange sepals. 
 In Tagetes erecta samples the carotenoids are represented more than 95% by lutein 
esters. 
 The carotenoid esters found in Seabuckthorn berries are ß-cryptoxanthin esters and 
zeaxanthin esters but in the berries a high amount was found also for ß-carotene. 
 
 Enzymatic hydrolysis 
The enzymatic hydrolysis was made on fraction on ß-cryptoxanthin esters isolated 
from Physalis alkekengi L. sepals and on Lutein esters from marigold flowers using two 
different enzymes Candida Rugosa and porcine lipases. To the ester fraction was added 10 ml 
of phosphate tampon on pH = 7.4. 10 µl lecithin solution. 250 µl NaCl   (3 M). 250 µl CaCl2 
(8.3 mg/ml). 15 mg natrium colate. 15 mg natrium deoxicolat. The mixture obtained was kept 
in a sonication bath and after that 1 ml of Candida Rugosa solution was added and introduces 
it in an oven for 3 hours. 24 hours and 48 hours. After incubation the carotenoid pigments 
were extracted with a mixture of solvents methanol: ethyl acetate: petroleum ether (1:1:1).  
 The chromatograms for enzymatic hydrolysis of ß-cryptoxanthin esters with porcine 
lipases after 24 and 48 hours are presented below. 
 
 
  
Fig. 2. The chromatogram of β-criptoxantin esters (signal 2e) hydrolyzed with porcine lipases for 24 
hours 
 
 
 
 
Fig. 3. The chromatogram of β-criptoxantin esters (signal 2e) hydrolyzed with porcine lipases for 48 
hours 
 
 
 
 
 The concentrations of ß-cryptoxanthin esters before and after hydrolysis and the 
concentrations of free ß-cryptoxanthin are presented in the table below. 
 
 
Table 1   
 
β-criptoxantin esters and free β-criptoxantin concentrations after enzymatic hydrolysis 
 
Sample name 
ß-cryptoxanthin 
esters  
mg/g 
 Free ß-
cryptoxanthin  
mg/g 
The report between 
esters and free ß-
cryptoxanthin 
(percent) 
The yield of 
enzymatic 
hydrolysis 
 
The fraction 
unhydrolysed 262.95 - - - 
The ester fraction 
hydrolyzed with 
Candida Rugosa 
24 ore 
28.55 214.36 11 : 87 81 % 
The ester fraction 
hydrolyzed with 
Candida Rugosa 
48 ore 
202.47 86.77 21 : 74 32 % 
The ester fraction 
hydrolyzed with 
porcine lipases 
24 ore 
73.62 186.69 25 : 73 71 % 
The ester fraction 
hydrolyzed with 
porcine lipases 
48 ore 
226.24 36.68 77 : 18 14 % 
  
Interesting is that in the case of enzymatic hydrolysis for 48 hours. the ß-cryptoxanthin 
esters are reformed with the presence of free ß-cryptoxanthin (from 262.95 mg/kg ß-
cryptoxanthin esters unhydrolized to 202.471 mg/kg in the case of Candida rugosa and 
respectively 226.242 mg/kg in the case of porcine lipases).  
 This can be explained that after 24 hours. the enzyme catalyze the reaction for ß-
cryptoxanthin esterification. 
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